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Abstract 
The paper deals with the methods to increase the accuracy of determination of roll torque on the motor shaft of the hot plate mill. 
Experiments are carried out by rolling of different steel grads eat the hot plate mill 5000. Thus, as a result of the carried out 
research it is obtained the experimental dependence to calculate angle of resultant roll force at hot plate mill, consequently it is 
possible to determine roll torque on the motor shaft of the rolling stand of the hot plate mill 5000 more accurately 
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Nomenclature 
Tr roll torque 
Fr roll force 
Į angle of nip 
ɴ angle of resultant roll force at hot plate mill 
Rr roll body radius 
h0 slab thickness before rolling 
h1 slab thickness after rolling 
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Ones of the main energy-power parameters of the rolling process are roll force and roll torque, which determine 
the power of main electric drives of hot plate mill. 
The dependence of roll torque on roll force can be defined as 
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where \ E D  is the  position coefficient of resultant roll force at hot plate mill (Fig.1). 
 
Fig. 1. The forces direction acting during common rolling 
The analytical values of the angle ȕ for distribution laws of different contact stress were calculated by A.A. 
Korolev [1], N.S. Spiridonov [2] and N.M. Kirilin [3] in cases where expected the friction forces is proportional to 
the specific pressure and R. Sims [4] made calculation of it in case when friction forces were constant. 
Calculating the moment arm of the force Fr. N.M. Kirilin supposed that the specific pressure distributed according 
to Tselikov equations [5]. As a result of his research, he concluded that as the reduction raised, the ratio of angle ȕ 
by the angle Į (ratio Ȍ) decreased from 0.5 during low reduction to 0.4 ... 0.45 when the reduction raised to 0.6. 
The greatest interest in this respect are the study results of E.S. Rokotyan [6] and G. Valkvist [7] that are carried 
out under specific plant conditions in the blooming mills and sheet rolling mills. Analysis of the obtained data shows 
that the value of angles ratio Į to ȕ under hot rolling ranges from 0.30 ... 0.35 to 0.55 ... 0.57. Where lower values 
correspond to light gauge (2,5 ... 5 mm) and higher values correspond to heavy gauge (10 ... 20 mm). The values 
increase with increasing of the temperature and decreasing of the reduction. Wherein within the same thickness of 
the sample the ȥ fluctuations depending on reduction are comparatively inconsiderable and they do not exceed 15 ... 
20%. 
The researches, which are carried out in a number of industrial mills, have shown that the ȥ value can vary from 
0.35 to 0.55 under hot rolling. Thus during blooms rolling of medium carbon steel, the section of which is 160 × 160 
mm, ȥ ratio equals approximately to 0.51 at the first passes, and it reduces to 0.34 ... 0.35 at the finish passes. 
The above studies were carried out for the hot rolling of slabs and blooms that have the thickness up to 160 mm. 
Therefore, concerning to the hot plate mills such as hot plate mill 5000, which is come on stream in 2009 at the 
industrial site of OJSC "Magnitogorsk Iron and Steel Works" (hereinafter MMK), the maximum thickness of the 
rolled slab is 300 mm. Carried out researches do not give a clear answer on how angle ȕ will change at the first pass 
according to this thickness [8-26]. 
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To solve this problem of changing of angle of resultant roll force plate rolling the series of experiments were 
carried out at the hot plate mill 5000 JSC "MMK" for the following steel grades: K52, K56, 09G2S, 15HSND, 
10G2FBYU, 15 PS, X70, PC D40. The chemical composition and the number of passes are given in Table. 1. 
Table 1. The chemical composition and the number of passes of researched steel grades at the plate mill 5000 JSC "MMK" 
Steel grade the number of passes The chemical composition, % ɋ Mn Si Cr Ni Nb V Ti 
09G2S 19 0,1 1,48 0,67 0,04 0,03 0 0,006 0,01 
10G2FBYU 13 0,11 1,77 0,28 0,2 0,22 0,062 0,051 0,019 
ɏ70 19 0,06 1,56 0,35 0,02 0,2 0,046 0,005 0,015 
Ʉ52 21 0,1 1,56 0,46 0,02 0,02 0,036 0,008 0,019 
PC D40 17 0,08 1,18 0,22 0,02 0,05 0,037 0,038 0,008 
15PS 15 0,18 0,55 0,13 0,02 0,02 0,001 0,006 0,001 
Ʉ56 23 0,11 1,6 0,48 0,02 0,02 0,028 0,04 0,019 
15HSND 17 0,16 0,67 0,57 0,76 0,42 0,002 0,007 0,016 
 
The results showed that the angle ȕ for each steel grade is in one region with regard to the angle Į (see. Fig. 2), 
therefore, it may be concluded that the angle ȕ does not depend on the steel grade and size of the deformation zone. 
Changing the angle of angle of resultant roll force depending on angle of nip is shown in Fig. 2. Power dependence 
represents the general trend of the angle ȕ. The value of reliability level R2 shows a number of points of represented 
sample are on this curve. The higher the R2 the more fully the dynamics of change approximation parameter 
represents, in this case, the accuracy is 98%, the dependence ȕ = f (Į) can be founded as: 
1,14590,391E D    (2) 
 
Fig. 2. The dependence ȕ = f (Į) of the rolling conditions on the hot plate mill 5000 JSC "MMK" 
Thus, as a result of the carried out research it is obtained the experimental dependence to calculate angle of 
resultant roll force at hot plate mill, consequently it is possible to determine roll torque on the motor shaft of the 
rolling stand of the hot plate mill 5000 more accurately (equation 1). 
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